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Description

FIELD OF THE INVENTION

[0001] This invention relates to a combustion control
device and a combustion control method for an internal
combustion engine.

BACKGROUND OF THE INVENTION

[0002] JP 2005 171975 A describes a combustion con-
trol method in which ignition of a air-fuel mixture in a main
combustion chamber is performed by injecting an ignition
flame generated inside an auxiliary chamber into the in-
side of the main combustion chamber. The ignition flame
is generated by continuously supplying auxiliary fuel gas
whose calorific value is larger than that of the main fuel
gas to the inside of the auxiliary chamber.
[0003] A fuel management system for efficient opera-
tion of a spark ignition gasoline engine including a source
of an antiknock agent such as ethanol is known from US
2006/102145 A1. An injector directly injects the ethanol
into a cylinder of the engine and the fuel management
system controls injection of the antiknock agent into the
cylinder to control knock with minimum use of the anti-
knock agent.
[0004] JP 2004 197660 A, published by the Japan Pat-
ent Office in 2004, discloses a Homogeneous Charge
Compression Ignition (to be abbreviated to HCCI here-
after) internal combustion engine comprising a first fuel
injector and a second fuel injector. The first fuel injector
injects fuel having a high octane value and low self-ignit-
ability into an intake port. The injected low self-ignitability
fuel is aspirated into a cylinder together with intake air to
form a low self-ignitability premixed gas. The second fuel
injector injects a fuel having a low octane value and high
self-ignitability into the cylinder in radial fashion during a
compression stroke. The injected high self-ignitability fu-
el is dotted through the interior of the cylinder in atomized
masses, and is caused to self-ignite by compression
heat. The resulting self-ignited flames propagate from a
plurality of locations in the cylinder so as to burn the low
self-ignitability fuel. As a result, the combustion speed
increases, and combustion is completed before knocking
occurs.

SUMMARY OF THE INVENTION

[0005] Incidentally, JP 2004 197660 A supposes that
the self-ignitability of the fuel that is injected into an intake
port and the self-ignitability of a fuel that is injected into
a cylinder are constant. Therefore, when the self-ignita-
bility of a fuel that is injected into an intake port and the
self-ignitability of a fuel that is injected into a cylinder are
changed, the combustion conditions of an engine could
not be controlled appropriately.
[0006] It is therefore an object of this invention to con-
trol the combustion conditions of an engine appropriately,

regardless of the operating conditions of the engine.
[0007] In order to achieve the above object, this inven-
tion provides a combustion control device for an internal
combustion engine having the features of claim 1.
[0008] This invention also provides a combustion con-
trol method for an internal combustion engine having the
features of claim 8.
[0009] The details as well as other features and ad-
vantages of this invention are set forth in the remainder
of the specification and are shown in the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

FIG. 1 is a schematic diagram showing the constitu-
tion of a combustion control device for an internal
combustion engine, according to this invention.
FIG. 2 is a diagram illustrating heat generation from
a fuel that performs main combustion and a fuel that
serves as an ignition source.
FIG. 3 is a schematic longitudinal cross-sectional
view showing the constitution of a VCR engine to
which this invention is applied.
FIGs. 4A-4B are schematic longitudinal cross-sec-
tional views illustrating an operation of the VCR en-
gine.
FIGs. 5A-5C are diagrams illustrating link attitudes
after modifying a mechanical compression ratio of
the VCR engine.
FIG. 6 is a schematic diagram showing the constitu-
tion of a fuel injection system to which this invention
is applied.
FIG. 7 is a diagram showing an example of a rela-
tionship between the self-ignitability of the main com-
bustion fuel, which is injected into an intake port, the
self-ignitability of the ignition source fuel, which is
injected into a cylinder, and the mechanical com-
pression ratio.
FIG. 8 is a flowchart showing a routine executed by
a controller and not encompassed by this invention
to detect the self-ignitability of the main combustion
fuel and set the mechanical compression ratio and
the self-ignitability of the ignition source fuel in ac-
cordance with a resulting detection value.
FIG. 9 is a diagram illustrating a process performed
through execution of the routine in FIG. 8 by the con-
troller to determine the self-ignitability of the ignition
source fuel and the mechanical compression ratio
based on the self-ignitability of the main combustion
fuel.
FIGs. 10A-10D are diagrams showing examples of
maps stored by the controller for setting an injection
timing, an injection amount, an injection pressure,
and an injection frequency of the ignition source fuel.
FIG. 11 is a flowchart showing a routine executed
by the controller and not encompassed by this in-
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vention to detect the self-ignitability of the ignition
source fuel and set the mechanical compression ra-
tio and the self-ignitability of the main combustion
fuel in accordance with a resulting detection value.
FIG. 12 is a diagram illustrating a process performed
through execution of the routine in FIG. 11 by the
controller to determine the self-ignitability of the main
combustion fuel and the mechanical compression
ratio based on the self-ignitability of the ignition
source fuel.
FIG. 13 is a flowchart showing a routine executed
by the controller and not encompassed by this in-
vention to detect the self-ignitability of the ignition
source fuel, set the mechanical compression ratio
and the self-ignitability of the main combustion fuel
in accordance with a resulting detection value, and
then reset the mechanical compression ratio.
FIG. 14 is a diagram illustrating a process performed
through execution of the routine in FIG. 13 by the
controller to determine the self-ignitability of the main
combustion fuel and the mechanical compression
ratio based on the self-ignitability of the ignition
source fuel.
FIG. 15 is a flowchart showing a routine executed
by the controller and encompassed by this invention
to detect the mechanical compression ratio and set
the self-ignitability of the main combustion fuel and
the self-ignitability of the ignition source fuel in ac-
cordance with a resulting detection value.
FIG. 16 is a diagram illustrating a process performed
through execution of the routine in FIG. 15 by the
controller to determine the self-ignitability of the ig-
nition source and the self-ignitability of the main com-
bustion fuel based on the mechanical compression
ratio.
FIG. 17 is a flowchart showing a routine executed
by the controller and encompassed by this invention
to detect the mechanical compression ratio, set the
self-ignitability of the main compression fuel and the
self-ignitability of the ignition source fuel in accord-
ance with a resulting detection value, and then set
the mechanical compression ratio.
FIG. 18 is a diagram illustrating a process performed
through execution of the routine in FIG. 17 by the
controller to determine the self-ignitability of the ig-
nition source and the self-ignitability of the main com-
bustion fuel based on the mechanical compression
ratio.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0011] Referring to FIG. 1 of the drawings, an internal
combustion engine 10 for a vehicle comprises a first in-
jector 41 and a second injector 42.
[0012] The first injector 41 is provided in an intake port
61. The first injector 41 injects fuel into the intake port.
This fuel performs main combustion in a cylinder. The
fuel is a fuel that has a high octane value and low self-

ignitability, such as gasoline, for example.
[0013] The second injector 42 is provided so as to face
a cylinder 31a from the center of a cylinder head. The
second injector 42 injects fuel in a compression stroke.
The second injector 42 is a multiple injection hole nozzle.
The second injector 42 injects the fuel such that the fuel
is dispersed to a plurality of locations within the cylinder.
This fuel serves as an ignition source inside the cylinder.
The fuel is a fuel that has a low octane value and high
self-ignitability, such as light oil, for example.
[0014] In an exhaust stroke and an intake stroke, the
main combustion fuel injected by the first injector 41 mix-
es with air in the intake port 61. The main combustion
fuel is then aspirated into the cylinder 31a. Thus, the main
combustion fuel forms a lean premixed gas.
[0015] In the compression stroke, the ignition source
fuel is injected from the second injector 42. The ignition
source fuel is injected in a comparatively small amount.
The ignition source fuel disperses through the premixed
gas in the form of a plurality of atomized masses. The
ignition source fuel has a low octane value and high self-
ignitability. Therefore, the ignition source fuel self-ignites
when a piston 32 approaches compression top dead
center. The ignition source fuel dispersed through the
cylinder 31a ignites in a plurality of locations. Flames
then propagate from the ignition source fuel, causing the
premixed gas to burn. FIG. 2 illustrates heat generation
at this time. The ignition source fuel injected from the
second injector 42 immediately prior to top dead center
ignites during the compression stroke, thereby generat-
ing heat. Flames propagate from the ignition source fuel,
causing the premixed gas of the main combustion fuel
to burn.
[0016] The internal combustion engine 10 is a Variable
Compression Ratio engine (to be abbreviated to VCR
engine hereafter) having a multilink mechanism that con-
nects the piston to a crankshaft using two links.
[0017] In an internal combustion engine with a fixed
compression ratio (to be referred to as a normal engine
hereafter), the piston and crankshaft are connected by a
single link, i.e., a connecting rod. The top dead center
position of the piston is fixed in a normal engine. The
mechanical compression ratio of a normal engine does
not vary.
[0018] In a VCR engine, however, the top dead center
position of the piston can be modified. When the piston
top dead center position falls, the distance from a piston
crown surface to a cylinder ceiling surface widens, caus-
ing the mechanical compression ratio to decrease. When
the piston top dead center position rises, the distance
from the piston crown surface to the cylinder ceiling sur-
face narrows, causing the mechanical compression ratio
to increase.
[0019] When the mechanical compression ratio varies,
the internal pressure of the cylinder in the vicinity of com-
pression top dead center varies, as does the internal tem-
perature of the cylinder in the vicinity of compression top
dead center. A correlation exists between the mechanical
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compression ratio and the internal pressure of the cylin-
der. A correlation also exists between the internal pres-
sure of the cylinder and the internal temperature of the
cylinder. Accordingly, a correlation also exists between
the mechanical compression ratio and the internal tem-
perature of the cylinder. Whether or not the fuel self-ig-
nites is influenced by the internal temperature of the cyl-
inder in the vicinity of compression top dead center.
Hence, in a VCR engine, the self-ignitability of the fuel is
preferably modified in accordance with the mechanical
compression ratio. However, this invention may also be
applied to a normal engine. In the case of a normal en-
gine, the internal temperature of the cylinder in the vicinity
of compression top dead center is preferably estimated
on the basis of a detected pressure of a cylinder internal
pressure sensor. The internal temperature of the cylinder
in the vicinity of compression top dead center may also
be estimated on the basis of an intake air temperature.
[0020] Referring to FIG. 3, a VCR engine will be de-
scribed. FIG. 3 is a view seen from an axial direction of
a crankshaft. Those skilled in the art of internal combus-
tion engines commonly use the terms top dead cent-
er/bottom dead center separately from the gravitational
direction. In a horizontally opposed engine or the like, it
is not always the case that top dead center and bottom
dead center denote the top and bottom of the gravitational
direction, respectively. Furthermore, if the engine were
inverted, top dead center and bottom dead center would
become the bottom and top of the gravitational direction,
respectively. In this specification, however, in accord-
ance with common usage, the top dead center side and
bottom dead center side are assumed to denote the top
and bottom, respectively.
[0021] In a VCR engine 10, a piston 32 is connected
to a crankshaft 33 via an upper link 11 and a lower link
12. The VCR engine 10 is capable of modifying the me-
chanical compression ratio by displacing an oscillation
center of a control link 13.
[0022] The piston 32 reciprocates through the interior
of a cylinder 31a in a cylinder block 31 after receiving
combustion pressure.
[0023] An upper end of the upper link 11 is connected
to the piston 32 via a piston pin 21. A lower end of the
upper link 11 is connected to one end of the lower link
12 via an upper pin 22.
[0024] Another end of the lower link 12 is connected
to the control link 13 via a connecting pin 23. A crank pin
33b of the crankshaft 33 is inserted into a connecting
hole located substantially centrally in the lower link 12.
The lower link 12 rotates about the crank pin 33b.
[0025] The crankshaft 33 includes a plurality of crank
journals 33a and the crank pin 33b. The crank journals
33a are supported by the cylinder block 31 and a ladder
frame 34 so as to be free to rotate. The crank pin 33b is
offset from the crank journals 33a by a predetermined
amount. The lower link 12 is connected to the crank pin
33b so as to be free to rotate.
[0026] A tip end of the control link 13 is connected to

the lower link 12 via the connecting pin 23. Another end
of the control link 13 is connected to a control shaft 25
via a connecting pin 24. The control link 13 oscillates
about the connecting pin 24. The connecting pin 24 is
provided near an outer periphery of the control shaft 25.
[0027] A gear is formed on the outer periphery of the
control shaft 25. The gear meshes with a worm gear 53
provided on a rotary shaft 52 of an actuator 51. When
the rotary shaft 52 of the actuator 51 rotates, the control
shaft 25 rotates via the worm gear 53. The connecting
pin 24 then moves in a circumferential direction of the
control shaft 25.
[0028] After receiving combustion pressure, the piston
32 falls through the cylinder 31a of the cylinder block 31.
As a result, the crankshaft 33 rotates. As shown in FIG.
4A, at bottom dead center, a counterweight is in a sub-
stantially uppermost position, and the crank pin 33b is in
a substantially lowermost position. As shown in FIG. 4B,
at top dead center, the counterweight is in the substan-
tially lowermost position, and the crank pin 33b is in the
substantially uppermost position.
[0029] Referring to FIGs. 5A-5C, a method of modify-
ing the mechanical compression ratio of the VCR engine
will be described.
[0030] The mechanical compression ratio of the VCR
engine can be modified by rotating the control shaft 25
to modify the position of the connecting pin 24.
[0031] As shown in FIG 5A and FIG. 5C, when the con-
necting pin 24 is set in a position A, top dead center be-
comes higher, whereby the mechanical compression ra-
tio becomes a high compression ratio.
[0032] As shown in FIG. 5B and FIG. 5C, on the other
hand, when the connecting pin 24 is set in a position B,
the control link 13 is pushed upward such that the position
of the connecting pin 23 rises. As a result, the lower link
12 rotates counter-clockwise about the crank pin 33b,
causing the connecting pin 22 to fall and top dead center
to become lower. Accordingly, the mechanical compres-
sion ratio becomes a low compression ratio.
[0033] Referring to FIG. 6, a fuel injection system will
be described.
[0034] A fuel injection system 100 is a system for in-
jecting fuel, which is supplied from the outside and stored
in a fuel tank 40, from the first injector 41 and second
injector 42.
[0035] The fuel injection system 100 comprises a first
fuel pump 111, a first fuel reformer 112, a main combus-
tion fuel tank 113, an octane value improver adding de-
vice 115, the first fuel injector 41, a second fuel pump
121, a second fuel reformer 122, an ignition source fuel
tank 123, a cetane value improver adding device 125,
and the second fuel injector 42.
[0036] The first fuel pump 111 supplies the fuel that is
supplied from the outside and stored in the fuel tank 40
to the first fuel reformer 112.
[0037] The first fuel reformer 112 uses the exhaust
heat of the engine to reform the fuel by means of a re-
forming catalyst, thereby increasing the octane value of
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the fuel such that the self-ignitability thereof decreases.
This low self-ignitability fuel serves as main combustion
fuel.
[0038] The main combustion fuel tank 113 stores the
low self-ignitability fuel reformed by the first fuel reformer
112. The main combustion fuel tank 113 supplies the fuel
to the first fuel injector 41. The octane value, or in other
words the self-ignitability, of the main combustion fuel
tank 113 is detected by a fuel property sensor 114.
[0039] The octane value improver adding device 115
adds an octane value improver to the fuel supplied to the
first fuel injector 41.
[0040] The first fuel injector 41 injects the octane value-
adjusted fuel.
[0041] The second fuel pump 121, second fuel reform-
er 122, ignition source fuel tank 123, cetane value im-
prover adding device 125, and second fuel injector 42
are basically identical to their counterparts. Specifically,
the second fuel pump 121 supplies the fuel that is sup-
plied from the outside and stored in the fuel tank 40 to
the second fuel reformer 122. The second fuel reformer
122 reforms the fuel to lower the octane value of the fuel
such that the self-ignitability thereof increases. This high
self-ignitability fuel serves as ignition source fuel. The
ignition source fuel tank 123 stores the high self-ignita-
bility fuel reformed by the second fuel reformer 122. The
ignition source fuel tank 123 supplies the fuel to the sec-
ond fuel injector 42. The octane value, or in other words
the self-ignitability, of the ignition source fuel tank 123 is
detected by a fuel property sensor 124. The cetane value
improver adding device 125 adds a cetane value improv-
er to the fuel supplied to the second fuel injector 42. The
second fuel injector 42 injects the cetane value-adjusted
fuel.
[0042] A controller 70 inputs signals from the fuel prop-
erty sensor 114 and the fuel property sensor 124. The
controller 70 also inputs a signal from a knock sensor 71.
[0043] On the basis of the input signals, the controller
70 adjusts the degree of reformation by controlling con-
ditions such as the amount of fuel and amount of air sup-
plied to the first fuel reformer 112, and the catalyst tem-
perature. The controller 70 also adjusts the octane value
of the fuel, or in other words its self-ignitability, by con-
trolling the octane value improver adding device 115.
Similarly, on the basis of the input signals, the controller
70 adjusts the degree of reformation by controlling con-
ditions such as the amount of fuel and amount of air sup-
plied to the second fuel reformer 122, and the catalyst
temperature. The controller 70 also adjusts the cetane
value of the fuel, or in other words its self-ignitability, by
controlling the cetane value improver adding device 125.
[0044] The controller 70 controls the injection timing
and injection amount of the first fuel injector 41 and sec-
ond fuel injector 42.
[0045] The controller 70 determines the mechanical
compression ratio in accordance with operating condi-
tions, and rotates the control shaft 25 by controlling the
actuator 51 such that the determined mechanical com-

pression ratio is obtained.
[0046] The controller 70 comprises a microcomputer
provided with a central processing unit (CPU), read-only
memory (ROM), random access memory (RAM) and in-
put/output interface (I/O interface). The controller may
comprise plural microcomputers.
[0047] The inventors have developed a VCR engine
having a multilink mechanism in which the piston and
crankshaft are connected by two links. When the me-
chanical compression ratio varies, the internal pressure
of the cylinder in the vicinity of compression top dead
center varies, as does the internal temperature of the
cylinder in the vicinity of compression top dead center.
A correlation exists between the mechanical compres-
sion ratio and the internal pressure of the cylinder. A cor-
relation also exists between the internal pressure of the
cylinder and the internal temperature of the cylinder. Ac-
cordingly, a correlation also exists between the mechan-
ical compression ratio and the internal temperature of
the cylinder. Whether or not the fuel self-ignites is influ-
enced by the internal temperature of the cylinder in the
vicinity of compression top dead center. Hence, particu-
larly in an HCCI internal combustion engine having a mul-
tilink mechanism, the self-ignitability of the fuel is prefer-
ably modified in accordance with the mechanical com-
pression ratio.
[0048] FIG. 7 shows an example of the relationship
between a knocking limit of the main combustion fuel,
which is injected into the intake port, a self-ignition limit
of the ignition source fuel, which is injected into the cyl-
inder, and the mechanical compression ratio.
[0049] When the mechanical compression ratio varies,
the self-ignition limit of the ignition source fuel and the
knocking limit of the main combustion fuel vary. The self-
ignition limit of the ignition source fuel decreases as the
mechanical compression ratio increases. The knocking
limit of the main combustion fuel decreases as the me-
chanical compression ratio increases.
[0050] The self-ignitability of the ignition source fuel is
adjusted so as to be greater than the self-ignition limit
shown in FIG. 7. The adjusted fuel is then injected in the
cylinder during a compression stroke such that the ad-
justed fuel self-ignites.
[0051] The self-ignitability of the main combustion fuel
is adjusted so as to be lower than the knocking limit shown
in FIG. 7. The adjusted fuel is then injected in the intake
port such that the adjusted fuel does not produce a knock.
[0052] Using this characteristic, the inventors have de-
vised an idea of detecting one of the self-ignitability of
the main combustion fuel injected into the intake port,
the self-ignitability of the ignition source fuel injected into
the cylinder, and the mechanical compression ratio, and
controlling the other two in accordance with the resulting
detection value.
[0053] A specific constitution for realizing this technical
idea will now be described.
[0054] Firstly, a method of detecting the self-ignitability
of the main combustion fuel and setting the mechanical
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compression ratio and the self-ignitability of the ignition
source fuel in accordance with a resulting detection value
will be described with reference to FIG. 8.
[0055] By executing the routine shown in the figure,
the controller 70 sets the mechanical compression ratio
and the self-ignitability of the ignition source fuel on the
basis of the self-ignitability of the main combustion fuel.
In the following description, the mechanical compression
ratio represents an internal cylinder pressure when the
ignition source fuel ignites in the vicinity of compression
top dead center. This routine is executed repeatedly
while the engine 10 is operative at fixed intervals of 10
milliseconds, for example.
[0056] In a step S11, the controller 70 detects the oc-
tane value, or in other words the self-ignitability, of the
main combustion fuel on the basis of a signal from the
fuel property sensor 114. It should be noted, however,
that if the following method is employed, the self-ignita-
bility of the main combustion fuel can be detected without
using the fuel property sensor 114. First, the octane value
improver adding device 115 adds an octane value im-
prover to fuel injected by the first fuel injector 41 during
an idle operation. A knock level is then detected by the
knock sensor 71. The self-ignitability of the main com-
bustion fuel can be detected from the relationship be-
tween the octane improver addition amount and the
knocking.
[0057] In a step S12, the controller 70 sets the me-
chanical compression ratio such that knocking is not
caused by the main combustion fuel at the detected self-
ignitability of the main combustion fuel. More specifically,
as shown in FIG. 9, the controller 70 sets the mechanical
compression ratio such that the detected self-ignitability
of the main combustion fuel constitutes a main combus-
tion knocking limit. The controller 70 then realizes the
mechanical compression ratio by controlling the actuator
51.
[0058] In a step S13, the controller 70 sets the self-
ignitability of the ignition source fuel such that the ignition
source fuel self-ignites at the set mechanical compres-
sion ratio. More specifically, as shown in FIG. 9, the con-
troller 70 sets the self-ignitability of the ignition source
fuel such that when the set mechanical compression ratio
is reached, the self-ignitability of the ignition source fuel
is equal to or greater than a self-ignition limit. The con-
troller 70 realizes this self-ignitability by controlling the
second fuel reformer 122 and the cetane value improver
adding device 125.
[0059] In a step S14, the controller 70 sets the injection
timing, injection amount, injection pressure, and injection
frequency of the ignition source fuel.
[0060] More specifically, the injection timing of the ig-
nition source fuel is set by applying the mechanical com-
pression ratio and the self-ignitability of the ignition
source fuel to a map having the characteristics shown in
FIG. 10A, which is set in advance through experiment
and stored in the ROM. The injection timing of the ignition
source fuel is set steadily further toward a retardation

side as the mechanical compression ratio increases and
the self-ignitability of the ignition source fuel increases.
[0061] Further, the injection amount of the ignition
source fuel is set by applying the mechanical compres-
sion ratio and the self-ignitability of the ignition source
fuel to a map having the characteristics shown in FIG.
10B, which is set in advance through experiment and
stored in the ROM. The injection amount of the ignition
source fuel is set steadily further toward a small amount
side as the mechanical compression ratio increases and
the self-ignitability of the ignition source fuel increases.
[0062] Further, the injection pressure of the ignition
source fuel is set by applying the mechanical compres-
sion ratio and the self-ignitability of the ignition source
fuel to a map having the characteristics shown in FIG.
10C, which is set in advance through experiment and
stored in the ROM. The injection pressure of the ignition
source fuel is set steadily further toward a low pressure
side as the mechanical compression ratio increases and
the self-ignitability of the ignition source fuel increases.
[0063] Further, the injection frequency of the ignition
source fuel is set by applying the mechanical compres-
sion ratio and the self-ignitability of the ignition source
fuel to a map having the characteristics shown in FIG.
10D, which is set in advance through experiment and
stored in the ROM. The injection frequency of the ignition
source fuel is set at a single injection (one injection) when
the mechanical compression ratio is high and the self-
ignitability of the ignition source fuel is high. When the
mechanical compression ratio is low and the self-ignita-
bility of the ignition source fuel is low, the injection fre-
quency of the ignition source fuel is set at plural injections
(two or more injections).
[0064] In this embodiment, the self-ignitability of the
main combustion fuel is detected. The mechanical com-
pression ratio is then set such that knocking is not caused
by the main injection fuel at the detected self-ignitability
of the main combustion fuel. The self-ignitability of the
ignition source fuel is then set such that the ignition
source fuel self-ignites at the set mechanical compres-
sion ratio. Finally, the injection timing, injection amount,
injection pressure, and injection frequency of the ignition
source fuel are set.
[0065] In so doing, an optimum mechanical compres-
sion ratio can be set in accordance with the self-ignita-
bility of the main combustion fuel, and compression ig-
nition can be achieved reliably. Hence, the combustion
conditions of the engine can be controlled appropriately,
regardless of the engine operating conditions.
[0066] Secondly, a method of detecting the self-ignit-
ability of the ignition source fuel and setting the mechan-
ical compression ratio and the self-ignitability of the main
combustion fuel in accordance with a resulting detection
value will be described with reference to FIG. 11.
[0067] By executing the routine shown in the figure,
the controller 70 sets the mechanical compression ratio
and the self-ignitability of the main combustion fuel on
the basis of the self-ignitability of the ignition source fuel.
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This routine is executed repeatedly while the engine 10
is operative at fixed intervals of 10 milliseconds, for ex-
ample.
[0068] In a step S21, the controller 70 detects the oc-
tane value, or in other words the self-ignitability, of the
ignition source fuel on the basis of a signal from the fuel
property sensor 124. It should be noted, however, that if
the following method is employed, the self-ignitability of
the ignition source fuel can be detected without using the
fuel property sensor 124. First, the cetane value improver
adding device 125 adds a cetane value improver to fuel
injected by the second fuel injector 42 during an idle op-
eration. A knock level is then detected by the knock sen-
sor 71. The self-ignitability of the ignition source fuel can
be detected from the relationship between the cetane
improver addition amount and the knocking.
[0069] In a step S22, the controller 70 sets the me-
chanical compression ratio such that the ignition source
fuel self-ignites at the detected self-ignitability of the ig-
nition source fuel. More specifically, as shown in FIG. 12,
the controller 70 sets the mechanical compression ratio
such that the detected self-ignitability of the ignition
source fuel constitutes the self-ignition limit. The control-
ler 70 then realizes the mechanical compression ratio by
controlling the actuator 51.
[0070] In a step S23, the controller 70 sets the self-
ignitability, or in other words the octane value, of the main
combustion fuel such that the main combustion fuel does
not self-ignite and knocking does not occur at the set
mechanical compression ratio. More specifically, as
shown in FIG. 12, the controller 70 sets the self-ignitability
of the main combustion fuel at a self-ignition limit, at which
the main combustion fuel does not self-ignite at the set
mechanical compression ratio, or in other words a knock-
ing limit. The controller 70 realizes this self-ignitability by
controlling the first fuel reformer 112 and the octane value
improver adding device 115.
[0071] In a step S24, the controller 70 sets the injection
timing, injection amount, injection pressure, and injection
frequency of the ignition source fuel in a similar manner
to the step S14 of the first embodiment.
[0072] In this embodiment, the self-ignitability of the
ignition source fuel is detected. The mechanical com-
pression ratio is then set such that the ignition source
fuel self-ignites reliably at the detected self-ignitability of
the ignition source fuel. The self-ignitability of the main
combustion fuel is then set such that knocking does not
occur during main combustion at the set mechanical
compression ratio.
[0073] In so doing, an optimum mechanical compres-
sion ratio can be set in accordance with the self-ignita-
bility of the ignition source fuel, and knocking during main
combustion can be prevented reliably. Hence, the com-
bustion conditions of the engine can be controlled appro-
priately, regardless of the engine operating conditions.
[0074] It should be noted that when the self-ignitability
of the main combustion fuel can be set lower than the
main combustion knocking limit, as shown in a step S25

of FIG. 13 and FIG. 14, the mechanical compression ratio
is preferably raised to a limit at which knocking is not
caused by the main combustion fuel at the self-ignitability
of the main combustion fuel. In so doing, the engine out-
put can be improved.
[0075] Thirdly, a method of detecting the mechanical
compression ratio and setting the self-ignitability of the
main combustion fuel and the self-ignitability of the igni-
tion source fuel in accordance with a resulting detection
value will be described with reference to FIG. 15.
[0076] By executing the routine shown in the figure,
the controller 70 sets the self-ignitability of the main com-
bustion fuel and the self-ignitability of the ignition source
fuel on the basis of the mechanical compression ratio.
This routine is executed repeatedly while the engine 10
is operative at fixed intervals of 10 milliseconds, for ex-
ample.
[0077] In a step S31, the controller 70 detects the me-
chanical compression ratio of the VCR engine. More spe-
cifically, the controller 70 may detect the mechanical
compression ratio on the basis of a command signal is-
sued to the actuator 51. Alternatively, a sensor that de-
tects the position of a movable member of the VCR en-
gine may be provided, and the mechanical compression
ratio may be detected on the basis of a sensor signal
thereof.
[0078] In a step S32, the controller 70 sets the self-
ignitability of the ignition source fuel such that the ignition
source fuel self-ignites at the detected mechanical com-
pression ratio. More specifically, as shown in FIG. 16,
the controller 70 sets the self-ignitability of the ignition
source fuel so as to reach or exceed the self-ignition limit
at the detected mechanical compression ratio.
[0079] In a step S33, the controller 70 sets the self-
ignitability, or in other words the octane value, of the main
combustion fuel such that the main combustion fuel does
not self-ignite and knocking does not occur at the detect-
ed mechanical compression ratio. More specifically, as
shown in FIG. 16, the controller 70 sets the self-ignitability
of the main combustion fuel at a self-ignition limit, at which
the main combustion fuel does not self-ignite at the de-
tected mechanical compression ratio, or in other words
a knocking limit.
[0080] In a step S34, the controller 70 sets the injection
timing, injection amount, injection pressure, and injection
frequency of the ignition source fuel in a similar manner
to the step S14 of the first embodiment.
[0081] In this embodiment, the mechanical compres-
sion ratio of the VCR engine is detected. The self-ignit-
ability, or in other words the octane value, of the main
combustion fuel is then set such that the main combustion
fuel does not self-ignite and knocking does not occur at
the detected mechanical compression ratio. The self-ig-
nitability of the ignition source fuel is then set such that
the ignition source fuel self-ignites at the detected me-
chanical compression ratio.
[0082] In so doing, knocking during main combustion
can be prevented reliably in accordance with the me-
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chanical compression ratio of the VCR engine. Moreover,
compression ignition can be achieved reliably. Hence,
the combustion conditions of the engine can be controlled
appropriately, regardless of the engine operating condi-
tions.
[0083] It should be noted that when the self-ignitability
of the main combustion fuel can be set lower than the
main combustion knocking limit, as shown in a step S35
of FIG. 17 and FIG. 18, the mechanical compression ratio
is preferably raised to a limit at which knocking is not
caused by the main combustion fuel at the self-ignitability
of the main combustion fuel. In so doing, the engine out-
put can be improved.
[0084] The contents of Tokugan 2007-203342 with a
filing date of August 3, 2007 in Japan are hereby incor-
porated by reference.
[0085] Although the invention has been described
above by reference to certain embodiments of the inven-
tion, the invention is not limited to the embodiments de-
scribed above. Modifications and variations of the em-
bodiments described above will occur to those skilled in
the art, within the scope of the claims.
[0086] For example, the controller may comprise plural
microcomputers.
[0087] In the embodiments described above, the fuel
tank 40 to which fuel is supplied from the outside is pro-
vided singly, but two fuel tanks, namely a main combus-
tion fuel tank to which the main combustion fuel is sup-
plied and an ignition source fuel tank to which the ignition
source fuel is supplied, may be provided. Further, the
first fuel reformer 112 may reform the fuel in the main
combustion fuel tank and the second fuel reformer 122
may reform the fuel in the ignition source fuel tank. In so
doing, fuel having an even more appropriate octane value
can be obtained.
[0088] Further, more sophisticated control can be per-
formed in the embodiments described above by addition-
ally taking the intake air temperature into account. In the
embodiments described above, a case in which the in-
ternal pressure of the cylinder in the vicinity of compres-
sion top dead center is adjusted according to the me-
chanical compression ratio was described, but the inter-
nal pressure of the cylinder in the vicinity of compression
top dead center may be adjusted by adjusting a super-
charging pressure using a supercharger. The internal
pressure of the cylinder may also be adjusted by adjust-
ing the internal temperature of the cylinder using a heater.
These methods may be applied to a normal engine as
well as a VCR engine.
[0089] In each of the above embodiments, the param-
eters required for control are detected using sensors, but
this invention can be applied to any combustion control
device which can perform the claimed control using the
claimed parameters regardless of how the parameters
are acquired.
[0090] The embodiments of this invention in which an
exclusive property or privilege is claimed are defined in
the appended set of claims.

Claims

1. A combustion control device for an internal combus-
tion engine which, during a compression stroke in
which a premixed gas containing a fuel and air is
compressed within a cylinder after being aspirated
into the cylinder, injects a fuel having a lower octane
value than the fuel forming the premixed gas into the
cylinder, and ignites the premixed gas using the in-
jected fuel as an ignition source,
characterized by comprising:

a first fuel reformer (112) configured to reform
the fuel forming the premixed gas;
a second fuel reformer (122) configured to re-
form the fuel serving as the ignition source; and
a programmable controller (70) programmed to:

detect an internal cylinder pressure in the
vicinity of compression top dead center
(S31);
set the octane value of the fuel serving as
the ignition source and the octane value of
the fuel forming the premixed gas in accord-
ance with a resulting detection value (S32,
S33); and
control the first and second fuel reformers
(112, 122) on the basis of the set octane
values.

2. The combustion control device as defined in Claim
1, wherein the internal cylinder pressure is a value
when the ignition source fuel ignites in the vicinity of
compression top dead center and is represented by
a mechanical compression ratio of the internal com-
bustion engine.

3. The combustion control device as defined in Claim
1, wherein the internal cylinder pressure is a value
when the ignition source fuel ignites in the vicinity of
compression top dead center and is represented by
an internal cylinder temperature.

4. The combustion control device as defined in any of
Claim 1 through Claim 3, wherein the controller (70)
is further programmed to set the octane value of the
fuel forming the premixed gas, the octane value of
the fuel serving as the ignition source, and the inter-
nal cylinder pressure such that the octane value of
the fuel forming the premixed gas and the octane
value of the fuel serving as the ignition source de-
crease as the internal cylinder pressure approaches
a state in which gas in the cylinder becomes more
likely to ignite.

5. The combustion control device as defined in Claim
1, wherein the controller (70) is further programmed
to:

13 14 



EP 2 020 496 B1

9

5

10

15

20

25

30

35

40

45

50

55

detect the internal cylinder pressure (S31); and
set the octane value of the ignition source fuel
such that the ignition source fuel self-ignites at
the detected internal cylinder pressure (S32).

6. The combustion control device as defined in Claim
1, wherein the controller (70) is further programmed
to:

detect the internal cylinder pressure (S31); and
set the octane value of the fuel forming the
premixed gas to reach a knocking limit at the
detected internal cylinder pressure (S33).

7. The combustion control device as defined in Claim
1, wherein the controller (70) is further programmed
to:

detect the internal cylinder pressure (S31);
set the octane value of the ignition source fuel
such that the ignition source fuel self-ignites at
the detected internal cylinder pressure (S32);
set the octane value of the fuel forming the
premixed gas to be higher than a knocking limit
at the detected internal cylinder pressure (S33);
and
increase the internal cylinder pressure as long
as the set octane value of the fuel forming the
premixed gas does not exceed the knocking limit
(S35).

8. A combustion control method for an internal com-
bustion engine which, during a compression stroke
in which a premixed gas containing a fuel and air is
compressed within a cylinder after being aspirated
into the cylinder, injects a fuel having a lower octane
value than the fuel forming the premixed gas into the
cylinder, and ignites the premixed gas using the in-
jected fuel as an ignition source,
characterized by comprising:

detecting an internal cylinder pressure in the vi-
cinity of compression top dead center (S31);
setting the octane value of the fuel serving as
the ignition source and the octane value of the
fuel forming the premixed gas in accordance
with a resulting detection value (S32, S33); and
controlling a first fuel reformer (112) and a sec-
ond fuel reformer (122) on the basis of the set
octane values, the first fuel reformer (112) being
configured to reform the fuel forming the
premixed gas, the second fuel reformer (122)
being configured to reform the fuel serving as
the ignition source.

Patentansprüche

1. Verbrennungsregelvorrichtung für einen Verbren-
nungsmotor, die während eines Verdichtungstakts,
bei dem ein Kraftstoff und Luft enthaltendes vorge-
mischtes Gas innerhalb eines Zylinders verdichtet
wird, nachdem es in den Zylinder angesaugt ist, ei-
nen Kraftstoff mit einer Oktanzahl, die niedriger als
die des Kraftstoffs ist, der das vorgemischte Gas bil-
det, in den Zylinder einspritzt und das vorgemischte
Gas unter Verwendung des eingespritzten Kraft-
stoffs als eine Zündquelle entzündet,
dadurch gekennzeichnet, dass sie umfasst:

einen ersten Kraftstoff-Reformer (112), der ge-
staltet ist, den das vorgemischte Gas bildenden
Kraftstoff umzusetzen;
einen zweiten Kraftstoff-Reformer (122), der ge-
staltet ist, den als die Zündquelle dienenden
Kraftstoff umzusetzen; und
ein programmierbares Steuerelement (70), das
programmiert wird, um:

einen Zylinderinnendruck in der Nähe des
oberen Totpunkts der Verdichtung (S31) zu
erfassen;
die Oktanzahl des als die Zündquelle die-
nenden Kraftstoffs und die Oktanzahl des
das vorgemischte Gas bildenden Kraft-
stoffs entsprechend eines resultierenden
Erfassungswertes (S32, S33) einzustellen;
und
den ersten und zweiten Kraftstoff-Reformer
(112, 122) auf der Basis der eingestellten
Oktanzahlen zu steuern.

2. Verbrennungsregelvorrichtung nach Anspruch 1,
wobei der Zylinderinnendruck ein Wert ist, wenn sich
die Zündquelle Kraftstoff in der Nähe des oberen Tot-
punkts der Verdichtung entzündet, und durch ein
mechanisches Kompressionsverhältnis des Ver-
brennungsmotors dargestellt wird.

3. Verbrennungsregelvorrichtung nach Anspruch 1,
wobei der Zylinderinnendruck ein Wert ist, wenn sich
die Zündquelle Kraftstoff in der Nähe des oberen Tot-
punkts der Verdichtung entzündet, und durch eine
Zylinderinnentemperatur dargestellt wird.

4. Verbrennungsregelvorrichtung nach einem der An-
sprüche 1 bis 3, wobei das Steuerelement (70) des
Weiteren programmiert ist, die Oktanzahl des das
vorgemischte Gas bildenden Kraftstoffs, die Oktan-
zahl des als die Zündquelle dienenden Kraftstoffs
und den Zylinderinnendruck einzustellen, so dass
die Oktanzahl des das vorgemischte Gas bildenden
Kraftstoffs und die Oktanzahl des als die Zündquelle
dienenden Kraftstoffs abnehmen, wenn der Zylinde-
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rinnendruck sich einem Zustand nähert, bei dem es
wahrscheinlicher wird, dass sich Gas in dem Zylinder
entzündet.

5. Verbrennungsregelvorrichtung nach Anspruch 1,
wobei das Steuerelement (70) des Weiteren pro-
grammiert wird, um:

den Zylinderinnendruck zu erfassen (S31); und
die Oktanzahl der Zündquelle Kraftstoff so ein-
zustellen, dass die Zündquelle Kraftstoff sich bei
dem erfassten Zylinderinnendruck selbst ent-
zündet (S32).

6. Verbrennungsregelvorrichtung nach Anspruch 1,
wobei das Steuerelement (70) des Weiteren pro-
grammiert wird, um:

den Zylinderinnendruck zu erfassen (S31); und
die Oktanzahl des das vorgemischte Gas bil-
denden Kraftstoffs einzustellen (S33), um eine
Klopfgrenze bei dem erfassten Zylinderinnen-
druck zu erreichen.

7. Verbrennungsregelvorrichtung nach Anspruch 1,
wobei das Steuerelement (70) des Weiteren pro-
grammiert wird, um:

den Zylinderinnendruck zu erfassen (S31);
die Oktanzahl der Zündquelle Kraftstoff einzu-
stellen (S32), so dass sich die Zündquelle Kraft-
stoff bei dem erfassten Zylinderinnendruck
selbst entzündet;
die Oktanzahl des das vorgemischte Gas bil-
denden Kraftstoffs höher einzustellen (S33) als
eine Klopfgrenze bei dem erfassten Zylinderin-
nendruck; und
den Zylinderinnendruck zu erhöhen (S35) so-
lange wie die eingestellte Oktanzahl des das
vorgemischte Gas bildenden Kraftstoffs die
Klopfgrenze nicht überschreitet.

8. Verfahren der Verbrennungssteuerung für einen
Verbrennungsmotor, welches während eines Ver-
dichtungshubes, bei dem ein Kraftstoff und Luft ent-
haltendes vorgemischtes Gas innerhalb eines Zylin-
ders verdichtet wird, nachdem es in den Zylinder an-
gesaugt ist, einen Kraftstoff mit einer niedrigeren Ok-
tanzahl als der das vorgemischte Gas bildende Kraft-
stoff in den Zylinder einspritzt und das vorgemischte
Gas unter Verwendung des eingespritzten Kraft-
stoffs als eine Zündquelle entzündet.
dadurch gekennzeichnet, dass es umfasst:

Erfassen (S31) eines Zylinderinnendrucks in der
Nähe des oberen Totpunkts der Verdichtung;
Einstellen der Oktanzahl des als die Zündquelle
dienenden Kraftstoffs und der Oktanzahl des

das vorgemischte Gas bildenden Kraftstoffs ent-
sprechend eines resultierenden Erfassungs-
wertes (S32, S33); und
Steuern eines ersten Kraftstoff-Reformers (112)
und eines zweiten Kraftstoff-Reformers (122)
auf der Basis der eingestellten Oktanzahlen,
wobei der erste Kraftstoff-Reformer (112) ge-
staltet ist, den das vorgemischte Gas bildenden
Kraftstoff umzusetzen, der zweite Kraftstoff-Re-
former (122) gestaltet ist, den als die Zündquelle
dienenden Kraftstoff umzusetzen.

Revendications

1. Dispositif de contrôle de combustion pour un moteur
à combustion interne qui, lors d’une course de com-
pression dans laquelle un gaz pré-mélangé conte-
nant un carburant et de l’air est compressé dans un
cylindre après avoir été aspiré dans le cylindre, in-
jecte un carburant ayant un indice d’octane inférieur
à celui du carburant composant le gaz pré-mélangé
dans le cylindre, et enflamme le gaz pré-mélangé en
utilisant le carburant injecté comme source d’inflam-
mation,
caractérisé en ce qu’il comprend :

un premier reformeur de carburant (112) confi-
guré pour reformer le carburant formant le gaz
pré-mélangé;
un second reformeur de carburant (122) confi-
guré pour reformer le carburant servant de sour-
ce d’inflammation; et
un contrôleur programmable (70) programmé
pour :

détecter une pression interne du cylindre à
proximité du point mort haut de compres-
sion (S31) ;
régler l’indice d’octane du carburant servant
de source d’inflammation et l’indice d’octa-
ne du carburant formant le gaz pré-mélangé
conformément à une valeur de détection
correspondante (S32, S33) ; et
contrôler les premier et second reformeurs
de carburant (112, 122) sur la base des in-
dices d’octanes réglés.

2. Dispositif de contrôle de combustion selon la reven-
dication 1, où la pression interne du cylindre corres-
pond à une valeur valable au moment où le carburant
servant de source d’inflammation s’enflamme à
proximité du point mort haut de compression et est
représentée par un rapport de compression méca-
nique du moteur à combustion interne.

3. Dispositif de contrôle de combustion selon la reven-
dication 1, où la pression interne du cylindre corres-
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pond à une valeur valable au moment où le carburant
servant de source d’inflammation s’enflamme à
proximité du point mort haut de compression et est
représentée par une température interne du cylin-
dre.

4. Dispositif de contrôle de combustion selon l’une
quelconque des revendications 1 à 3, où le contrô-
leur (70) est en outre programmé pour régler l’indice
d’octane du carburant formant le gaz pré-mélangé,
l’indice d’octane du carburant servant de source d’in-
flammation, et la pression interne du cylindre de ma-
nière à ce que l’indice d’octane du carburant formant
le gaz pré-mélangé et l’indice d’octane du carburant
servant de source d’inflammation diminuent lorsque
la pression interne du cylindre approche un état dans
lequel un gaz dans le cylindre devient plus suscep-
tible de s’enflammer.

5. Dispositif de contrôle de combustion selon la reven-
dication 1, où le contrôleur (70) est en outre program-
mé pour :

détecter la pression interne du cylindre (S31) ; et
régler l’indice d’octane du carburant servant de
source d’inflammation de manière à ce que le
carburant servant de source d’inflammation
s’enflamme spontanément à la pression interne
du cylindre (S32) détectée.

6. Dispositif de contrôle de combustion selon la reven-
dication 1, où le contrôleur (70) est en outre program-
mé pour :

détecter la pression interne du cylindre (S31) ; et
régler l’indice d’octane du carburant formant le
gaz pré-mélangé de manière à atteindre une li-
mite de cliquetis à la pression interne du cylindre
(S33) détectée.

7. Dispositif de contrôle de combustion selon la reven-
dication 1, où le contrôleur (70) est en outre program-
mé pour :

détecter la pression interne du cylindre (S31) ;
régler l’indice d’octane du carburant servant de
source d’inflammation de manière à ce que le
carburant servant de source d’inflammation
s’enflamme spontanément à la pression interne
du cylindre (S32) détectée ;
régler l’indice d’octane du carburant formant le
gaz pré-mélangé pour qu’il soit supérieur à une
limite de cliquetis à la pression interne du cylin-
dre (S33) détectée ; et
augmenter la pression interne du cylindre tant
que l’indice d’octane réglé pour le carburant for-
mant le gaz pré-mélangé n’excède pas la limite
de cliquetis (S35).

8. Procédé de contrôle de combustion pour un moteur
à combustion interne qui, lors d’une course de com-
pression dans laquelle un gaz pré-mélangé conte-
nant un carburant et de l’air est compressé dans un
cylindre après avoir été aspiré dans le cylindre, in-
jecte un carburant ayant un indice d’octane inférieur
à celui du carburant composant le gaz pré-mélangé
dans le cylindre, et enflamme le gaz pré-mélangé en
utilisant le carburant injecté comme source d’inflam-
mation,
caractérisé en ce qu’il comprend les étapes con-
sistant à :

détecter une pression interne du cylindre à
proximité du point mort haut de compression
(S31) ;
régler l’indice d’octane du carburant servant de
source d’inflammation et l’indice d’octane du
carburant formant le gaz pré-mélangé confor-
mément à une valeur de détection correspon-
dante (S32, S33) ; et
contrôler un premier reformeur de carburant
(112) et un second reformeur de carburant (122)
sur la base des indices d’octanes réglés, le pre-
mier reformeur de carburant (112) étant confi-
guré pour reformer le carburant formant le gaz
pré-mélangé, le second reformeur de carburant
(122) étant configuré pour reformer le carburant
servant de source d’inflammation.
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